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(57) Water-repellent porous silica having uniform 
pores, which comprises silica skeleton wherein fluorine 
atoms are fixed through covaient bonds and which has 
an alkali metal content of not mom than 10 ppb, is syn- 
thesized. By the water-repellent porous etifca, a water- 



repellent porous siQca film having uniform pores, which 
Is applicable to a light functional materiel or an electron 
functional material, a process for preparing the same 
and uses thereof can be provided. 
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Description 
TECHNICAL FIELD 

[0001] The present invention relates to water-repel- 
lent porous silica having uniform mesopores. that is ap- 
plicable to catalyst carrier adsorbent, light functional 
material, electron functional materiel and the like, a 
process for preparing the water-repellent porous silica, 
and uses of the water-repellent porous silica. 

BACKGROUND ART 

[0002) Porous inorganic compounds having uniform 
mesopores have larger pores than conventional oxides 
sucn as zeolite, and application of those compounds to 
catalyst carrier, separation adsorbent, fuel battery and 
sensor has been studied. 

[0003] As for a process lor preparing such an oxide 
having uniform mesopores, a process ulil&ing control of 
the structure of an Inorganic material by the use Of an 
organic compound nas been paid attention because an 
oxide of novel shape and structure can bo obtained. In 
particular, an oxide having uniform moaoporoe, that is 
synthesized by utilizing seH organization of an organic 
compound and an Inorganic compound, is known to 
have a larger pore volume and a larger surface area 
than conventional oxides such as zeolite. 
[0004] As a process for preparing an oxide having uni- 
form pores utilizing self organization of an organic com- 
pound and an inorganic compound, a process compris- 
ing subjecting a silica gel and a surface active agent to 
hydrothermal synthesis reaction in a heat-resistant 
closed vessel to prepare such an oxide is described in, 
for example, WO91/11390. In Buff. Chem. Sec. Jp., Vol. 
63, p. 988 (1990), a process comprising subjecting 
kanomite that is a kind of a layered silicate and a surface 
active agent to ion exchange to prepare such an oxide 
Is described. 

[0005] On the other hand, the oxide having uniform 
mesopores has a defect that the oxide is liable to adsorb 
moisture because of its large pore volume and surface 
area, That is to say, the oxide having uniform mesopores 
prepared as described above has a large pore volume 
and contains agreat number of hydroxy! groups present 
on the pore surfaces- Therefore, the oxide has high 
moisture adsorption properties, and ihe structure of the 
oxide is changed by (he adsorbed water or the periodic 
structure of the pores is disintegrated. 
[0006] M any patents to improve the moisture adsorp- 
tion properties have been applied so far. For example, 
it is described in Japanese Patont Laid-open Publica- 
tion No. 14413/1081 that an organosilicon halide com- 
pound as a starting material Is allowed to react with SiO z 
In an organic solvent to develop water repei ten cy. I n this 
case, the organic group mparts water repollency to 



[0007] Surface treatments of silica and a silica gel are 



described in various pubBcarJons. In Japanese Patent 
Laid-Open Publication No. 1 6171 5/1 983, treatment w&h 
an organosilane hallde and water vapor is described; in 
Japanese Patent Laid-Open Publication No. 

5 295226Y1 986 : treatment with silicone or the like is de- 
scribed; in Japanese Patent La id-Open Publication No. 
5941 5/1 990, bonding to a hydrophobic organic group is 
described; in Japanese Patent Laid-Open Publication 
No. 107502/1990, trea&nent with a fluorinatlng agent in 

io the presence of water is described; In Japanese Patent 
Laid-Open Publication No. 196342/1995. treatment by 
immersion of a substrate in a solution obtained by add- 
ing NH 4 F to a water-based solution of alkoxysllane is 
described; and in Japanese Patent Laid-Open Publtaa- 

is fjons No. 157643/1996, No. 242717/1997, No. 
25427/1998 and No. 140047/1998. treatment of an In- 
organic oxide with a fluorine-containing organosUtcon 
compound as a surface treating agent is described. AH 
of iheso melhods have improved moisture adsorption 

so properties of silica. 

[0008] further, In EP0799791 , treatment with a sili- 
cone oil having an epoxy group or with an amine com- 
pound having an amino group is described; in Chinese 
Patent No. 1,072,654, treatment using amine or pyrro- 
ls lidone is described; and In U.S. Patent No. 4,164,509, 
sulfonic acid treatment is desenbed. Moreover, in Jap- 
anese Patent Laid-Open Publication No. 92621/1994. 
treatment comprising hydroryzing totraothoxysllane and 
coating a substrate with the hydrolysis solution is de- 

so scribed; in U.S. Patent No. 4,569,833, treatment by con- 
tact with S)F 4 to ffnprovo water repellency is described; 
and in U.S. Patent No. 4.054,689, treatment by contact 
with a HF gas to improve water repeltency is described. 
[0009| The above methods, however, are all surface 

35 treatments of silica, and it is difficult to homogeneously 
treating inside surfaces of pores of the porous silica. In 
add&ion, they are not satisfactory as methods to im- 
prove moisture adsorption properties of the porous ma- 
terials from the viewpoint of application of the resulting 

40 silica to light functional materials or electron functional 
materials, because there are disadvantages such that 
the treatment in water disintegrates the pore structure, 
the treatment with an organic material results in low heat 
resistance, and the F treatment by the contact with a 

43 gas results In only a temporary effect. . 

[0010] in M&erlate Letters 42 (2000), pp. 102-107, 6 
process for preparing water-repellent porous silica hav- 
ing uniform pores, comprising drop wise adding a HF so- 
lution to a caustic soda solution of silica and performing 

so hydrethcrmal synthesis is descnoed. From the porous 
eOica prepared by this process, however, any Mm cannot 
bo formed. In addition, No remaining in silica hinders 
application of the silica to a light functional malarial or 
an electron functional material. 

55 [0011] On the other hand, films comprising oxides 
having uniform mesopores have been proposed recent- 
ly, and application of those films to light functional ma- 
terials or electron functional materials has been highly 
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expected. For ex Ample, in Nature. Vol. 379, p. 703 
(1 996), a process comprising placing e mfca board in a 
solution essentially consisting of tetraalkoxysilane and 
a surface active agent to form a film on a surface of tho 
mica Is described; in Nature, Vol. 381, p. 5e9 (1996), a 
process for forming a film on a liquid level of ft solution 
essentially consisting of tetraalkoxysilane and a surface 
active agent is described; and In Science, Vol. 273, p. 
76$ (1 996), a process tor forming a ffom on an interlace 
between an oD layer containing tetraalkoxysilane and a 
water layer containing a surface active agent is de- 
scribed. These processes, however, industrially have a 
problem that a long period of time is necessary for We 
formation of a film and a large amount of a powder i3 
produced as a by-product together wttn the film, 
[0012] in Japanese Patent Laid-Open Publication No. 
1 94298/1 997 . a process comprising coating a substrate 
with a solution essentially consisting of totraalkoxysJ- 
lane and a surface active agent lo form a film having 
pores regularly disposed is disclosed, in WO99/37705, 
a process forf orming a A&n r which comprises converting 
a surface active agent into an amphiphatic block copol- 
ymer to make pores large, is disclosed. These process- 
es are Industrially useful because films aro produced for 
a short period of ttme. In the resulting porous films hav- 
ing uniform pores, however, gradual variation of the 
structure or disintegration of the periodic structure of 
pores takes place because of the aforesaid moisture ad- 
sorption properties, and thereby the conductivity be- 
comes high. Thus, these porous films have a problem 
when they ere applied to light functional materials or 
electron functional materials. 

(001 3] Accordingly, development of a highly water-re- 
pellent film having uniform pores has been eagerly de- 
sired. 

DISCLOSURE OF THE INVENTION 

[0014] It Is en object of the present invention to pro* 
vide water-repellent porous silica having uniform pores, 
that Is applicable to a light functional material or an elec- 
tron functional material, and to provide a svlica film, a 
precursor solution for forming the siuca, a process for 
preparing the silica and uses of the silica. 
[001 5] As a result of earnest studies to achieve the 
above-mentioned object, the present invention has 
been accomplished. 

[0016] Tho water-repellent porous sl&ca according to 
the present invention Is water-repellent porous silica 
having uniform pores, which comprises silica skeleton 
wherein fluorine atoms are fixed through covatent bonds 
end which has an alkali metal content of not more than 
10ppb. 

[0017J The* fluorine content in the silica skeleton is 
preferably In the range of 0.3 to 15.0 % by weight. 
[001 S] II Is preferable that the mean pore size of pores 
of the porous silica Is In the range of 1.3 to 10 nm and 
the pom& silica has a pertodk; crystal structure of hex- 



agonal system when examined by X-ray diffract omctry. 
[DOl 9] tt Is also preferable that trie mean pore « tee is 
in the range of 1 .3 to 10 nm and the porous silica has e 
crystal structure of Irregular arrangement 

s [0020] The process of the present invention lor pre- 
paring the water-repaltent porous silica having uniform 
pores, said sl»ea comprising silica skeleton wherein flu- 
orine atoms are fixed through oovetent bonds, compris- 
es the steps of partially hydrotyzing a fluorine-containing 

10 trlaikoxysilane represented by the following formula and 
a telraalkwysDane under acidic condition, then drying 
a solution resulting from the hydrolysis and mixed with 
a surface ectivo agent, and removing the surface active 
agent or extraction; 

is 

<Z0) 3 S1R 

wherein Z is meiltyt.- eihyt, n-piopyi, i-propyl. n-bulyl. I- 
20 butyl, i-butyl or sec-butyl, and R is a fluorine atom, 
(CH 2 ) a (CP 2 ) b (0<CF 2 U < X (X is a fluorine etonv OCF 3 , 
OCF(C F 9 >2, OC(CF3)s, an atkyl group or a phenyl group, 
a is a number of 0 to 3, b is a number of 0 to 3. c is a 
number of 1 to 3, and d is a number Of 0 to 3) or 
25 CjHpF^j (e is a number of 0 to 4). 

[0021] When the desired water-repellent porous silica 
is a powder, the solution can be dried by spray drying. 
[0022] The ftuorine-oontaining trialkoxysllane «s pref- 
erably triethoxyf tuorosUane. 
so [0023] The tetraalkoxysilane Is preferably teireethox- 
ysllane. 

[0024] Tho molar ratio of the fluorine-containing tri- 

alkoxysilane to the tetraalkoxysilane is pref eratrfy in the 

range of 0.01 to 1.2. 
as [00^5] The number of moles of the surface active 

agent is preferably in the range of 0,009 to 1 erne the 

sum of the numbers of moles of the fluorine*contelning 

trlelkoxysilane and the tetraalkoxysilane. 

[0026] The surface active agent Is preferably an alky- 
46 lammonium salt represented by the following f omnuta: 

43 wherein n is an Integer of B to 24, and X is a hallde Ion. 
HS0 4 - or an organic anion. 

[0027] The surface active agent is also preferably a 
compound having a poiyalkyiene oxide structure. 
[0028] The film according to the present Invention is 

so a fibri comprising the water-repellent porous silica. 
[00291 "Hi 0 thickness of the wetor-ropcllcnt porous sil- 
ica film is preferably in the range of 0.01 urn to 2.0 mm. 
[0030] The water-ropeBent porous silica film can be 
used as a layer insulation film. 

55 [0D31] The precursor solution according to the 
present invention is a precursor solution for forming the 
water-repellent porous silica. 

[0032] The precursor solution for forming the wator- 
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repellent porous silica Is obtained by partially hydrclyz- 
ing a fluorine^orrtainino trialkoxysilane represented by 
the following formula and a tetreelkoxysliane under 
acidic condition and then mixing the resulting hydrolysis 
solution with a surface active agent; 

(ZO) 3 SIR 

wherein Z is methyl ethyl, n-propyl, i-propyf. n-butyl, t- 
butyl. i-butyl or sec-butyl, and R is a fluorine atom, 
(CH 2 ) a (CF 2 ) b (0(CF 2 ) c ) d X (X is a fluorine atom, OCF 3 , 
OC F(CF 3 )2 ( OC(CF 3 ) 3 , an alkyl group or a phenyl group, 
a is a number of 0 to 3. b Is a number of 0 to 3, c is a 
number of 1 to 3. and d is a number of 0 to 3) or 
CgH^F^j le is a number oT 0 to 4). 
[0033] In the precursor solution Tor the forming water* 
repellent porous silica, the molar ratio or the fluorine- 
conlainipo, trialkoxysilane lo the tetraalkoxyslfene Is 
preferably in tho range of 0.01 to 1 2. 
[0034] In the precursor solution for forming the water- 
repellent porous silica, the number o1 moles of the sur- 
face active agent Is preferably in the range of 0.003 to 
1 time tho sum of the numbers of mote of tho fluorine- 
containing trialkoxysUanc end the tetraalkoxyssane. 
[0035] The surface active agent used for the precur- 
sor solution for forming the water-repellent porous silica 
is preferably an atkylammonlum salt represented by the 
following formula: 

wherein n is an Integer of 8 to 24, and X is a ha) Ids ion, 
MS0 4 - or an organic anion- 

[0036) The surface active agent used for the precur- 
sor solution for forming the waier-r opoltent porous silica 
is also preferably a compound having a polyalkyiene ox- 
ide structure. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0037] The present Invention is describee in detail 
hereinafter. 

[0036] For preparing water-repel lent porous silica 
having uniform pores, which comprises silica skeleton 
wherein fluorine atoms are fixed through coveJent 
bonds* hydrolysis reaction of a fluorine-containing tri- 
alkoxysilane with a tetraaJkoxysiiarie Is carried out first. 
[0D3»] Through the hydrolysis reaction, the fluorine- 
containing triaJkoxysilanO and the tctraalkoxysilano are 
co-condensed, end fluorine atoms to develop water re- 
pellency are highly dispersed end fixed In the copolymer 
which becomes a body of a silica film. 
[0040] The hydrolysis is desired to be carried out in 
the OH range of 1 to 4. As the pH adjusting agent, any 
acid is employable, and examples thereof include hy- 
drochloric acid, fr/drobromic aci d, nitric acid and sulfuric 
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acid. 

[Q041] Examples of tho fluorine-containing trtalkox- 
ysilanes include trimethoxyfluorosUane, irlethoxyfluor- 
osilane, trosopropoxyfluorosilane and tributoxyfluorosi- 

5 lane. In particular, use of trlethoxyfluorcsUane is prefer- 
able. The fluorine-containing tfialkoxysitenes can be 
used singly or In combination of two or more kinds. 
[0042] Examples of the tetraalkoxysUanes include tc- 
tremethoxysilane, tetraethoxyslfene, totraisopropoxysi- 

10 lane and totrabutylsilane. In particular, use of teiraethox- 
ysilane is preferable, 

[0043] The hydrolysis is carried out by adding a pH 
adjusting agent and water to the fluorine-containing tri- 
alkoxysilane and the tetraalkoxysllano. The amount of 
t3 water added is in the range of preferably 0.5 to 20 mol 
baaed on 1 mol of the alkoxysUans, and the hydrolysis 
is desirably conducted at room temperature for several 
minutes to 5 hours. 

[0044] The hydrolysis may be conducted In the ores* 

so once of a solvent. Examples of the solvents employable 
include primary alcohols, such as methanol, ethanol and 
1-propanol; secondary alcohols, such as 2-propanol 
end 2-butanol; tertiary alcohols, such as tertiary butyl 
alcohol; acetono; and acetonitrilo. The solvents can be 

P* used singly or In combineOon of two or more kinds. 
[0045] By changlngthe molar ratio of the fluorine-con- 
taining trisJkoxysllane to the tetraalkoxysilane. tho 
amounts of the fluorine atoms capable of being fixed In 
the silica skeleton can be changed. The fluorine content 

so in the sQica skeleton car be measured by elemental 
analysis. The fluorine content In the sDica skeleton is in 
the range of preferably 0.3 to 15,0 % by weight, more 
preferably 0.3 to 1 0 0 % by weight, particularly prefera- 
bly 0.6 to 7.0 % by weight 

3s [0046] The crystal structure can be confirmed by X- 
ray diffractometry. In order to obtain water-repellent po- 
rous silica having a hexagonal periodic crystal structure 
and having pores of uniform sites, the molar ratio of the 
fluorine-containing trialkoxysUane to the tetraaOcoxyai- 

40 lane is In the range of preferably 0.01 to 1 2.* more pref- 
erably 0,01 to 0.5, particularly preferably 0.05 to 0.3. If 
the molar ratio is less than the lower UmU of the above 
range, the effect of water repellency cannot be obtained, 
if tho molar ratio Is more than the upper limn of the above 

42 range, the pore sizes become ununrform and a hexag- 
onal periodic crystal structure cannot be formed occa- 
sionally. Even if Ihe molar ratio Is in Ihe above range, a 
periodic crystal structure having microscopically hexag- 
onal system formed by variation of the arrangement at 

«o ehort intervals but having no distinguishable peak found 
by X-ray diffractexnatry, namely, a crystal structure of so- 
called Irregular arrangement is obtained depending up- 
on the preparation'conditiorw. Even In this case, how- 
ever, the resulting silica has uniform pores having equal 

ss sizes. 

[0047] The alkaU metal present in the silica, even In a 
slight amount, hinders application of the eiltea n> an elec- 
tron functional material, so that the amount of the aflcali 
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metal contained In the silk* i* desired to be as small as 
posstt>te. More specifically, the content of the alkali met- 
al In the water-repellent porous silica is preferably not 
more than 1 0 ppb. Tho influence o1 the elkafi metal can 
ba generally Judged by measuring electrical properties 
of a film or the Hka produced from the silica. 
[0048] After the hydrolysis reaction of the fluorine- 
containing trialkoxysilane with the tetraalkoxysilane, a 
surface active agent Is added, and the mixture is stirred 
for pref erably several minutes to 5 hours> whereby a pre- 
cursor solution for forming water-repellent porous silica 
can be obtained. 

[0049] It is desirable to use a compound having a 
long-chain alkyl group and a hydrophpic group as the 
surface acLrve agent. The long-chain alkyl group is pref- 
erably one having a to 24 carbon atoms. Examples of 
the hydrophllic groups Include a quaternary ammonium 
salt, an amino group, a nitroso group, a nydroxyl group 
and a oatboxyl group. Specifically li Is preferable lo use 
an alkylammonitim salt represented by the following for- 
mula. 

C^H^NfCH-^X 

wherein n is an integer of a to 24, and X is a hatide Ion, 
HS0 4 - or **» organic anion. 

fooso] By changing the molar ratio between the sur- 
face active agent added and the alkoxysilane, the crys- 
tal structure of the resulting water-repellent porous silica 
can be controlled. 

[0051] When the surface active agent is an aikylanv 
monium salt, the number of moles of tne surface active 
agent is In the range of preferably 0.03 to 1 time, more 
preferably 0.05 to 0.2 time, tho sum or the numbers of 
moles of the fluorine-containing trialkoxysilane and the 
lelraelkoxy&aene. If the amount of the surface active 
agent Is smaller than the above amount, extra silica in- 
capable of contributing to self organization is present 
and the porosity is markedly lowered- If the amount of 
the surface active agent is larger than the above 
amount, a hexagonal periodic crystal structure having 
uniform pores cannot be termed, resulting In disadvan- 
tages such as disintegration of the structure during the 
calcining. 

[do s2) As the surface active agent, a compound hav- 
ing a polyalkytene oxide structure is also employable. 
Examples of the polyatkylcne oxide structures include 
polyethylene oxide structure, polypropylene oxide struc- 
ture, polytctramethyiene oxide structure and polybuty- 
leno oxide structure. Examples of such compounds in- 
clude ether type compounds, such as polyoxyothyiono/ 
potyoxypropytene block copolymer, potyoxyethytene 
potyoxypropyienc alkyl ether, polyethylene alkyl other 
and pofyoxy ethylene alkyl phenyl ethers end ether ester 
typa compounds, such as. polyoxy ethylene glycerine tat- 
ty acid ester, poryoxy ethylene sorbite n fatty add ester, 
polyethylene sorbitol fatty acid ester, sorbitan fatty acid 



ester, propylene glycol fatty acid ester and sucrosa fatty 
acid ester. 

[00S3] When the surface active agent Is a compou nd 
having a polyalkytene oxide structure, the number of 
s moles of the surface active agent is in the range of pref- 
erably 0 003 to 0.05 time, more preferably O.OOS to O.03 
time, the sum of the numbers of moles of the fluorine- 
containing trialkoxysilane and the tetraalkoxysilane. If 
the amount ol the surface active agent is smaller than 
"> the above amount, extra silica incapable of contributing 
to self organization Is present and the porosity is mark- 
edly lowered occasionally. If the amount of the surface 
active agent is larger than tho above amount., a hexag- 
onal periodic crystal structure having uniform pores can- 
is not be lormed, resulting in disadvantages such as dis- 
integration of the structure during the removal of the sur- 
face active agent. 

[0054] The surface active agent may be added in the 
form of a soBd or a solution obtained by dissolving the 
so surface active agent In a solvent or a hydrolysis solution 
Of atkoxysHane, 

[0055] The precursor solution obtained by the addi- 
tion of the surface active agent is dried, and then the 
surface active agont is removed by calcining or extrac- 
ts tion, whereby water-repeltont porous eflfca can be ob- 
tained. 

[0056] With the precursor solution, a substrate is coal- 
ed, and the solution is dried. Then, the surface active 
agent is removed by calcining or extraction, whereby a 

so water-repellent porous silica film can be obtained. 
[0057] The drying conditions are not specifically re- 
stricted, and any condition Is available as far as the sol- 
vent can bo evaporated. When the desired water-repel- 
lent porous smca is a powder, the solution is preferably 

3fl dried by spray drying. 

[005©] Likewise, the calcining conditions are not spe- 
cifically restricted, and any temperature Is available as 
far as the surface actKre agent can be removed at that 
temperature. The calcining may be carried out in the al- 

40 moephera or mart gas, or in vacuo. 

[0059] The porous silica obtained as above is appli- 
cable to a catalyst carrier or a filler. 
[00 GO] The porous silica film obtained as above ex* 
htoits high water repellency and high transparency even 

49 when ft is In a self-supporting state or It is bonded to a 
substrate, and hence the film is applicable to a light func- 
tional materia] or an electron functional material, such 
as layer insulation film, electron recording medium, 
transparent conductive film, solid electrolyte, light weve- 

4* guiding channel or color member for LCD. Particularly, 
the layer insulation film needs to have strength, heat re- 
sistance and low dielectric constant (high porosity), and 
the water-repellent porous Silica film having such uni- 
form pores Is premising. 

55 [0061] The term Vater repellency* used herein 
means such a state that even if operations consisting of 
sufficiently exposing porous silica in the form of a film 
or a powder to a nitrogen atmosphere at a temperature 
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of 25"C And a relfllh/c Humidity of 90 and then putting 
it back in a dry nitrogen atmosphere are repeated, the 
porous silica is substantially free from weight change or 
structure disintegration du a to water adsorption. There- 
fore, small change in weight due to water adsorption 
means high water repeltency, and hence the weight 
change is prelerabry as small as possible, particularly 
preferably not more than 3 % by weight. 
[00 62] As the substrate on which a film of the water- 
repellent porous silica is formed, any material that is 
generally used is employable. Examples of the sub- 
strates Include glass, quarts, silicon wafer and stainless 
steel. Tne substrate may have any shape such as a 
shape of plate or dteh. 

[0063] Examples of methods for coating the substrate 
include general ones such as spin coating, cast coating 
and alp coating. In case of spin coating, the substrate is 
placed on a spinner, then a sample is dropped on the 
substrate, Bnd the substrate is rotated aL 500 to 10000 
rpm, whereby a water-repellent BUice film having a uni- 
form thickness can be obtained. 

EXAMPLE 

[0064} The present invention is further described with 
reference to the following examples. 

Moisture adsorption tesa 

[006SJ In the example©, the moisture adsorption tost 
was earned out In the following manner. 
[0066] First, a specimen was calcined at 400*C and 
then allowed to stand still in a stream of dry nitrogen at 
room temperature until a constant weight was reached. 
Next the specimen was allowed to stand still in a nitro- 
gen atmosphere for 10 minutes at a relative humidity of 
90 %. Then, the specimen was put back in a stream of 
dry nitrogen again and allowed to stand attl until a con- 
stant weight was reached. These operations were re- 
peated 20 times, and when a constant weight was 
reached In the stream of dry nitrogen, the weight was 
measured. A difference between the measured weight 
and the initial weight was calculated to determine weight 
change. 

[0067] Increase In the weight of me specimen in this 
moisture adsorption test means increase In the ad- 
sorbed water or the specimen, and small change in 
weight means high water repeltency. 

Example 1 

[006B] TctraothoxyBiianc (70 g), tnolhoxyfluor osllanc 
(0.3 s) and 1-pfopanol (17 mf) were mixed and stirred. 
To the mixture. OA rri of 1N hydrochloric acid and 2.0 
ml of water were added, followed by further stirring. 
Then, 9 0 ml of 2-butanoi was added, and the mixture 
was mixed with a solution of O AS g d1 cetyftrimethyiam- 
monium chloride in 4.5 ml of water After stirring for 2 



hours., a transparent homogeneous precursor solution 
was obtained. Several droplets of the precursorsolution 
were placed on a surface of a glass plate, and the glass 
plate was rotated al 2000 rpm lor 10 seconds to lorm a 

5 film on the glees plate surface. By the X-ray diffractom- 
etry, the film obtained was found to have a structure of 
periodic arrangement having a spacing of 3.5 nm. 
[0069) By the X-ray dlffractometry, further, the fihn 
was found to retain a structure of periodic arrangement 

io having a spacing of 2.9 nm even after drying and then 
calcining at 400°C, and it was confirmed from a section- 
al photograph of the film that the pores had a hexagonal 
arrangement structure. As a result of measurement of 
a film thickness by a film thickness meter, the Wm proved 

is to have a uniform thickness of 0.2 um in the moisture 
adsorption test of the fflm, the weight change was sub- 
stantially 0 % by weight, and this turn proved to be a 
porous film having high water repoHcncy. 
[0070] Then, the porous film was saturated with water 

20 and allowed to assort water in a humidifier at 40*C for 
24 hours, followed by healing under vacuum. The 
amount of water liberated by the heating under vacuum 
was analysed by a quadrupote mass spectrometer (re- 
ferred to as a ■Q-mafis" hereinafter). As a result, water 

2* liberation was not observed, end from this, H was con- 
firmed that water was not substantially adsorbed Inside 
the film pores. 

Comparative Example 1 

30 

[0071 ] A film was formed on a glass plate In the same 
manner as In Example 1 , except that triethoxyf lucres l- 
lane was not added. By the X-ray difl ractometry, the film 
was found to have a structure of periodic arrangement 

3$ having a spacing of 2.8 nm after calcining at 400*0. and 
It was confirmed from a sectional photograph of the f nm 
that the pores had a hexagonal arrangement structure. 
In the moisture adsorption test of the film, the weight 
gradually increased, and a weight change of 8 % by 

40 weight was observed after the completion of 20 times of 
the operations. From this result, il was confirmed that 
the film had poor water repcllency and water was ad- 
sorbed by the film. 

[0072] Then, the porous film was saturated with water 
45 and allowed to adsoro water in a humidifier at 40*C for 
24 hours, followed by heating under vacuum. The 
amount of water liberated by Lhe healing under vacuum 
was analyzod by a Q-mass. As a resuft, water Iteration 
was great, and from this, b was confirmed that water was 
bo adsojoed inside the fi Im pores . 

Example 2 

[0073] A precursor solution prepared In the same 
55 manner as In Example 1 was subjected to spray drying 
to Obtain a dry powder. By the X-rey dlff ractometry, the 
powder obtained was found to have a periodic hexago- 
nal arrangement structure having a spacing of 3.5 nm. 
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By the X-ray diffractometry. further, the powder was 
found to retain a periodic Hexagonal structure having a 
spacing ol 2.8 nrn even alter drying and then calcining 
at 40D"C. Moreover, it was confirmed by the elemental 
analysis that fluorine atoms were present in the powder 
in amounts of 1 -04 % by weight find the amounts of so- 
dium atoms were below the limit of detection (below 1 0 
ppb). In the moisture adsorption test of the powder, the 
weight change was substantially 0 % by weight, and this 
powder proved to be porous silica having high water re- 
peUancy. 

[0074] Then, tho powder was saturated with water 
and allowed to adsorb water in a humidifier al 40°C for 
24 hours, followed by heating under vacuum. The 
amount ot water liberated by the heating of the powder 
under vacuum was analyzed by a Q-mass. As a result 
water liberation was not observed, and from this, it was 
confirmed that water was not substantially adsorbed In- 
side iho powder pores. 

Comparative Example 2 

[0075J Into e solution of 2.16 g of sodium hydroxide 
in 90 g of water, e g of silica was introduced, and they 
were stirred at 0O*C for 2 hours. To the solution , 1 8.2 g 
of cetyttrimethylamrnorrium bromide was added, fol- 
lowed by stirring al room temperature for 1 hour. To the 
solution, a solution of O.E6 g of 40 wt% hydrofluoric edd 
in 90 g of wAter was further added. The mixture was 
stirred at room temperature for 2 hours and then allowed 
to stand al 1 00°C for 3 days In an autoclave to prepare 
a powder. The powder was filtered, washed with a large 
amount of water, dried at 100° C for one day and night 
and calcined at SSO^C for 1 0 hours In air. By the X-ray 
dtffractometry : the powder obtained was found to have 
a periodic hexagonal structure having a spacing of 3.4 
nm. Further, it was confirmed by the elemental analysis 
that fluorine atoms were contained in amounts of 0.63 
% by weight and sodium atoms were contained in 
amounts of 6.0 ppm in the powder. 

Example 3 

[0076] A film formed In the same manner as in Exam- 
pic 1 was dried, and then ext racoon of the surface active 
agent was earned out using an ethane* solvent. By the 
X-ray dirfraciomelry. tho Mm obtained was found to re- 
tain a structure of periodic arrangement having a spac- 
ing of 3.6 nm after the extraction. sfnUarty to Example 
1 . As a result of measurement of a film thickness by a 
film thickness meter, the film proved to hBve a uniform 
thickness of 0.2 nm. In the moisture adsorption test o( 
tho film, the weight change was substantiaCy 0 % by 
weight, and this film proved to be a porous film having 
high water repctlency. 

[0077] Then, the film was saturated with water and al- 
lowed to adsorb water in a humidifier at 40*C for 24 
hours, followed by heating under vacuum. The amount 
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ol water liberated by the heating under vacuum was an- 
alyzed by a O-rnasB. As a result, water liberation was 
not observed, and from this. « was confirmed that water 
was not substantially adsorbed inside the film pores. 

Example 4 

[0076] Several droplets of a precursor solution pre- 
pared in the same manner as in Example 1 wero placed 
on a surface of an acetyl cellulose film, and the acetyl 
cellulose film was rotated at 2000 rpm for 10 seconds 
to form a film on the acetyl cellulose film surface. After 
drying at room temperature, the acetyl cellulose film was 
dissolved with methyl acetate to obtain a transparent 
self -supporti rtglilm. By the X-ray Olfactometry, the sen- 
supporting film obtained was found to have the seme 
structure as that or Example 1 . 

Example 5 

(0079] A film was formed In the same manner as in 
Example 1 , except that the amount of cetyttrtmeUiylam- 
monium chloride wes changed to 1 75 g from 0.95 g. By 
The X-rey dlffractornctry. tho film obtained was lound to 
have a periodic cubic structure, in the moisture adsorp- 
tion test of the film, the weight change was substantially 
0 % by weight, and this film proved to be a porous f Bm 
having high water repellency 

[0080] Then . the film was saturated with water and al- 
lowed to adsorb water in a humidifier at 40*C for Z4 
hours, lollowed by heaUng under vacuum. The amount 
of water Iterated by the heating under vacuum was an- 
alyzed by a O-mass. As a result, water liberation was 
not observed, and from this, rt was confirmed that water 
was not substantially adsorbed inside the film pores. 

Example 6 

[0081] A film was formed m the same manner as in 
Example 1. except that the amount of cctyttrimethytam- 
monium chloride was changed to 0.75 g from 0.95 g, 
Although a regular structure was not confirmed by the 
X-ray diftractometry, It was confirmed from a sectional 
photograph of tho film that the film had a structure of 
worm- tike arrangement. In the moisture adsorption test 
of the turn, the weight change was substantially O % by 
weight, end this film proved 10 be a porous ntm having 
high water repellency. 

[0082] Then, the film was saturated with water and al- 
lowed to adsorb water in a humidifier at 40°C tor 24 
hours, lollowed by healing under vacuum. The amount 
of water liberated by the hoaUng under vacuum was an- 
alyzed by a Q-maes. As a result, water liberation was 
not observed, and from this, ft was confirmed that water 
was not substantially adsorbed Inside tho film pores. 
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Example 7 

[0083] Tetraethoxysilane (10.0 g), tricthoxyflvorosK 
lane (0.5 g) and ethanol (50 ml) were mixed and stirred 
To the mixture, 1.0 ml of 1N hydrochloric acid end 10.0 
ml of water were added, followed by further stirring for 
1 hour. Then, the mixture was mixed with a solution of 
2.B g of e pory (atky lene oxide) block copolymer (Plu ronic 
P123, available from BASR 

HOiCHjCHgO^CCHgCHtCH^jO^olCHaCH^^H) in 
60 ml of gfthanol. After stirring for 2 hours, a transparent 
homogeneous precursor solution was obtained. Several 
droplets of the precursor solution were placed on a sur- 
face of a glass plate, and the glass plate was rotated at 
2000 rpm for 1 0 seconds to 1orm a film on the glass plato 
surface. By the X-ray dirfractomotry, the film obtained 
was found to have a structure of periodic arrangement 
having a spacing of 5.4 nm. By the X-f ay cflnractomctry, 
further, the film was found to retain a structure of periodic 
arongement having a spacing of 5.0 nm even after dry- 
ing and then calcining at 400*C, and it was conlirmed 
from a sectional photograph of the film that the pores 
had a hexagonal arrangement structure. As a result of 
measurement of a film thickness by a film thickness mo- 
tor, the film proved to have a uniform thickness of 0.1 
lim. in the moisture adsorption testof the film, the weight 
change was substantially 0 % by weight, and this fibm 
proved to be a porous film having high water repoBency. 
[0084] Then, the porous film was saturated with water 
and allowed to adsorb water in a humidifier el 40* C for 
24 hours, followed by heating under vacuum. The 
amount of wator liberated by the heating under vacuum 
was analysed by a Q-mass. As a result, water liberation 
wad not observed, end from the, it was confirmed that 
water was not substantially adsorbed inside tho film 
pores. 

Comparative Example 3 

[0085] A film was formed on a glass plate in the same 
manner as in Example 7, except that triethoxyfluorosJ- 
lane was not added. By the X-ray dlflractometry, the film 
was found to have a structure of periodic arrangement, 
and n was confirmed from a sectional photograph ot the 
film that the pores had a hexagonal arrangement struc- 
ture, tn tho moisture adsorption test of the film, the 
weight gradually increased, and a weight change of 9 
% by weight was observed after the completion of 20 
times of the operations. From this result, It was con- 
firmed that the film had poor water repeitency and water 
was adsorbed by the film. 

[0036] Then, the porous film was saturated with wator 
and allowed to adsorb water in a humidifier at 40»C for 
24 hours, followed by heating under vacuum. The 
amount of water liberated by the heating under vacuum 
was analyzed by a O-mass. As a result water liberation 
was great, and from this. It was confirmed that water was 
adsorbed inside the film pores. 



Example 8 

[00B7] A precursor solution prepared in the same 
manner as in Example 7 was subjected to spray drying 

s to obtain a dry powder. By the X-ray diffractometry, the 
powder obtained was found to have a structure of peri- 
odic arrangement having a spacing of 5-3 nm. By the X- 
rey dlff ractomctry. further, the powder was found to re- 
tain a periodic hexagonal structure having a spacing ot 

to 4.9 nm oven after drying and then calcining at 400°C. 
Moreover, it was confirmed by the elemental analysis 
that fluorine atoms were present in the powder in 
amounts or 1 ,36 % by weight and the amounts of sodium 
atoms were below the limit of detection {below 10 ppb). 

ts 

Example 9 

[0088] a film formed In the same manner as tn Exam- 
pie 7 was dried, and then extraction of Ihc surface active 

so agent was carried out using an ethanol soiveni By the 
X*ray diffractometry, the film obtained was found to re- 
tain a structure of periodic arrangement having a spac- 
ing gl 5.4 nm after the extraction, similarly to Example 
7. As a result of measurement el a film thickness by a 

25 fitm thickness meter, the film proved to have a unf orm 
thickness of 0.1 fxm. tn the moisture adsorption test of 
the film, the weight change was substantially 0 % by 
weight, and this film proved to be a porous film having 
high water repeHency. 

30 [0089] Then, the film was saturated with water and el- 
lowed to adsorb water in a humidifier at 40~C for 24 
hours, followed by healing under vacuum. The amount 
of water liberated by the heating under vacuum was an- 
alyzed by a O-rnass. As a result, water liberation was 

55 not observed, and from this, it was confirmed that water 
was not substantially adsorbed Inside the film pores. 

Example 10 

40 [0090] Several droplets of a precursor solution pre- 
pared in the same manner as In Example 7 were pieced 
on a surface of an acetyl celluloee film., and me acetyl 
cellulose tpm was rotated at 2000 rpm for 10 seconds 
to form a film on the acetyl cellulose film surface. After 
drying at room temperature, the acetyl cellulose film was 
disserved with methyl acetate to obtain a transparent 
seir-eupporiing film. By the X-ray dMfractofnetry, the self- 
siippenlng turn obtained was found to have the same 
structure as that of Example 7. 

so 

Example 11 

(0091) Several droplets of a precursor solution pre- 
pared in the same manner as In Example 1 were placed 
53 on a low- resistance p type silicon wafer for dielectric 
constant measurement, and the silicon wafer was rotat- 
ed at 2000 rpm for 10 seconds to form a film. By the X- 
ray dirfractomotry, tho film was found to retain a stnjc- 
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ture of periodic arrangement having a spacing of 2.9 nm 
after cabining at 400*C, and It was confirmed from a 
sectional photograph of the film that the pores had s 
hexagonal arrangement structure 
[00$2) Then.lront and back surface electrodes were 
formed by deposition, and a cfictectrfc constant was 
measured in a nitrogon atmosphere under the condition 
of a frequency of 1 MH2- As a result.the mean dielectric 
constant was 2.4 in the 1 0-point measuring method. 

Comparative Example A 

[0303] A dielectric constant of a porous silica 111m ob- 
tained in the same maimer as in Comparative Example 
1 was measured. The measurement was made in the 
same mannor as in Example 11 . As a result, the dielec- 
tric constant was 3.5. 

Example 12 

[0094] Several droplets of a precursor solution pre- 
pared in the same manner as in Example 1 were placed 
on a surface of e silicon wafer ol s transistor provided 
with a sourccVdrein region and a gate electrode, and the 
transistor was rotated at 2QDP rpm lor 10 seconds to 
coat the silicon wafer with the precursor solution. There- 
after, the coating film was heated at 40Q*C for 1 hour in 
a nitrogen atmosphere to obtain a layer insulation film. 
A sectional photograph of the layer insulation film was 
observed, and as a result, H was comirroed that the layer 
ins u tail on film was a porous silica film having a spacing 
of about 3 nm and having pores with a periodic hexag- 
onal arrangement structure. 

EFFECT OF THE fNVENTIQN 



thai Ihe water-repellent porous silica film Is particularly 
useful as a layer insulation film of a semiconductor or 
the like 



Claims 

1. Water-repellent porous silica having uniform pores, 
which contains Huorlne atamsf ixed in the silica skel- 
t o eton through covalent bonds and has an alkali metal 
content of not more than 10 ppb. 



The water-repellent porous silica as claimed in 
claim 1 f wherein the fluorine content in the silica 
skeleton is in the range of 0.3 to 15.0 % by weight- 



r$ 



30 



The water-repellent porous silica as claimed In 
claim 1 or 2, wnleh has pores having a mean pore 
size ol 1 .3 lo 1 0 nm and has a periodic crystal struc- 
ture ol hexagonal system when examined by X-ray 
dinractometry. 

The waier-ropcltent porous silica as claimed in 
claim 1 or 2, which has pores having a moan pore 
size of 1 .3 to 10 nm and has a crystal structure of 
irregular arrangement 

A process for preparing the water-repel tertl porous 
silica of any one of claims 1 to 4, comprising the 
steps of partially hydro ryzing a fluorine-containing 
trial koxydlane represented by the following formula 
and a tetraatkoxy&Uane under acidic condition, then 
drying a solution resulting from the hydrolysis and 
mixed with a surface active agent, and performing 
calcining or extraction; 



[0095] A water-repellent porous sflrca having uniform 
pores, that is applicable to a light functional material or 
an electron functional material and a process for pre- 
paring the water-repellent porous silica can be provided 
by the present Invention. 

[0096] The water-repellent porous silica firm accord- 
ing to tne presort invention can retain a periodic struc- 
ture of pores by virtue of its water repeilertcy, and as a 
result, the dielectricconstant can be lowered. Therefore, 
the water-repellent porous silica ram is tevorabie as a 
layer insutellon firm. 

INDUSTRIAL APPLICABILITY 

[004*] The water-repellent porous silica film of the In- 
vention can retain a periodic structure of poroe by virtue 
of its water repeilency, and has an alkali metal content 
of not more than 10 ppb. Hence, the water-repellent po- 
rous silica film Is applicable to a catalyst carrier, an ad- 
sorbent, a light functional material, an electron function- 
al material and the like. Moreover, by virtue of the water 
repeilency, the dielectric constant can be towered, so 



(ZO) 3 SIR 

wherein Z is methyl, ethyl, n-propyl, i-propyl, n- 
butyi, t-butyl. i-butyl or sec-butyl, and R Is a fluorine 
atom. tCHaUPFgMOCCFaWflX (X is a fluorine at- 
om, OCF 3 , OCF(CF3>2, OCfpFjk, an alkyl group 
or a phenyl group, a Is a number of 0 to 3, b Is a 
number of 0 to 3. c is a number of 1 tD 3, and d is a 
number of 0 to 3) or C^F^ (e is a number of o 
lo 4). 

6. The process for preparing the water-repellent po- 
rous silica es claimed In claim 5, wherein the Solu- 
tion is dried by spray drying. 

7. The process for preparing the water-repellent po- 
rous silica as claimed In claim 5 or 6 : wherein the 
fluorine^containrng trial koxysi lane is triethoxyfluor- 
osilane^ 

a. The process for preparing the wator-repellenl po- 
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roue silica as claimed in claim 5 or 6. wherein the 
tetraaltoxysilane istetraethoxysilane. 

9. The process for preparing the water-repellent po- 
rous silica as claimed in claim 5 or 6, wherein the 5 
molar ratio ol the fluorine-containing triaikoxysilane 

to the tetraaikoxysiiane is In the range of 0.01 to 1 -2. 

10. The process for preparing the water-repellent po- 
rous silica as claimed In claim 5 or 6, wherein the 
number of moled of the surface active agent is In 
the range ol 0.003 to 1 time the sum ot the numbers 
of moles of the fluorine-conlalning trial koxysitene 
and the tetraalkoxysllane. 

T5 

11. The process for preparing the water-repcltem po- 
rous silica as claimed In claim 5 or 6 : wnerein the 
surface active agent is an a i Kyi ammonium salt rep- 
resented by Ihe following formula: 

20 

wherein n to an integer of 8 to 24, and X is a halide 
ion t HSCy or an organic anion- 25 
- ■ 

12. The process for preparing the water -repellent po- 
rous silica as claimed in claim 5 ot 6. wherein the 
surface active agent is a compound having a poly- 
atkyiene oxide structure. 50 

13. A film comprising the water-repellent porous silica 
of any one of claims 1 to 4. 

14. The film as claimed in claim 13, which has a thick- as 
ness of 0.01 jim to 2-0 mm. 

15. A layer insulation film comprising the fltm of claim 

13 or 14. * ■ J *** g * - 

40 

16. A precursor solution for lorming wafer-repellent po- 
rous silica, which te obtained by partiafly hydroryz- 
ing a fluorine-containing trialkoxysflane represent- 
ed by tne tooowtng ronmula and a tetraalkoxysilane 
under acidic condition and then mixing the resulting 
hydrorysls solution with a surface active agent; 

(20> 3 S!R 

30 

wherein Z is methyl, ethyl, n~propyl, i-propyt, n- 
butyl, i-butyl, wburyl or sec-outy), and R Is a fluorine 
atom. (CH^CFgyOtC^W* (X is e fluorine at- 
om, OCF 3 , OCF(CF a ) 2 . O0{Cf^ 3 an alkyl group 
or a phenyl group, a is e number of 0 to 3 : b is a « 
number of 0 to 3. c Is a number of 1 to 3. and d is a 
number of 0 to 3) or C 6 H^F ($ ^) (e Is a number of 0 
to 4). 



18 

17, The precursor solution for forming water-repellent 
porous silica as claimed in claim 16, wherein the 
molar ratio of the f luorine-coniainlng triaikoxysilane 
to theletraalkoxysfiane Is In the range of 0.01 to 1-2. 

1B. The precursor solution for terming water-repellent 
porous silica as claimed in claim 16 r wherein the 
number of motes of the surface active agent Is in 
the range Of 0.003 to 1 time the sum olthe numbers 
of mokes of the fluorine-containing triaikoxysilane 
and the telraalkoxysilane. 

ig. The precursor solution for forming water-repellent 
porous sllvea as dairned In claim 16, wherein the 
surface active agent is an aJkylaromomum san rep- 
resented by the following formula: 

who rein n is an integer of 6 to 24, and X Is a halide 
ion, HS<V OT ^ organic anion. 

20- The precursor solution for forming wator-rcpcllent 
porous sflica as claimed in claim 16, wherein the 
surface active agent is a compound having a poty- 
alkytene oxide structure. 
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